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I. INTRODUCTION

(A) Analysis of the Compact

On October 30, 1951, the Yellowstone Riser Compaot was
approved by the states of wyoming, Montana, and North Dakota.
The intent of the Conpact is to establlsh the_prooess for
apportioning water 1n the fosr trlbataries of - the Yellosstone
River, Analysis of the Compact woald lead_one to believe that
drafters of this document intended that flow during periods of
high runoff would someday be stored and then apportioned on a
percentage basis for later use. Therefore, the real purpose of

the Compact is to divide excess spring flow.

The Yellowstone Riser Compact recognizes all water rights
existing as of January 1, 1950. The result is that the Compact
does not address the division of water during extremely low flow
periods because the majority of appropriations in the
Yellowstone Bagin have a priority date earlier than 1950. If
there is 1nsufficient water to satisfy all pre-1950 uses in both
states, Wyomrng water users would first satisfy their pre-1950¢
demands. Montana users could then appropriate the remainder,
including the accumulated return flow generated in Wyoming,
Becaase agricultural and industrial development since 1950 has
been minimal, the need to regulate post -1950 appropriations in
wyoming for the purpose of satisfying pre-1950 appropriations in

Montana would also be minimal.




Along with providing for water allocation, the Yelloﬁstone
Compect constitutes an importsnt deterent to the out-of-basin
transfer of sater. Article X of the Compact states that ng
water may be transferred out of the basin without consent of all
three signatory states. The intent of this Article is to
protect existing appropriators in both states who depend almost
entirely upon the reuse of return flow. fThe issue of reusing
return flows is important to both states because Article v
apportions fiow based on diversions, not on depietiohs.
Therefore, if return flows ere not a#aiiable for reuse,
downstream appropriators could be harmed. As an example, a
pre-1950 agricultural diversion r;ght to 500 acre~feet which is
changed to an industrial use and exported out of the basin could
potentially impact an additional 375 acre-feet of downstrean
agricultural diversions. Article X protects these downstreanm

users,

Section C(4) of Article V of the Compact suggests that
water which flows past the point of measurement provided by the
Compact and leaves the system "from October 1 to any given date"
is allocable flow. The analysis of the hig;g;ig flow at this
point of measurement woula be useful in calculating the bistoric
apportionment, for sizing new reservoirs, or for analyzing
potential development in the basin. However, in terms of
real-time administration of the Yellowstone Compact, the
division of water as it leaves the system does not make sense

because it is physioaliy unavailable for upstream use. For




example, if 150,000 acre-feet pass the point of measurement from
October through April, it would be defined as "allocable flow"
by Article V. While this flow:-is "allocable"” in a hietoric
senee, it certainly is no longer available for use during the
May through September irrigation season. Therefore, for
purposes of real- time compact adminietration, this 150,000
acre-feet should probably shift from an "allocable® account to

an “unused and presently unavailable“ account,

(B} Need fg:_cgmpngt Adﬁinia;:a;igp

Since 1951, the coneensue of the Yellonstone River Compact
Commiseion has been that the level of nater reeources
development in the basin has not warranted adninistration of the
Compact. Recently, however, the demand for Compact
administration and irrigation water management in the
Yellowstone Basin has been growing. There are a number of
reasons for this, First, Wyoming and Montana would like to
develop their share of unused and unappropriated post-1950
Compact water. In Montana, a number of storage pro:ects have
been planned and the state is proceeding with steps to place
reserved water to use., Both Montana and Wyoming either have or
are looking to establish in-stream flow requirements for fish
and wildlife. 1In addition, the State of Montana has taken the
position that the development of water in the Missouri River
Basin should be an integral part of any strategy whose purpose
is to protect the water development interests of Upper Basin

states from downetream demands.



Second, there is the potehtial for appropriating large
quantities of water for industrial purposes and for water
marketing. As an example, the Yellowstone River Pipeline
Company recently_filed an application for a permit to
appropriate 345 cubic feet per second from the Yellowstone River
mainstem. This flow woold be considered part of Wyoming's
entitlement under the Yellowstone Compact. If Montana granted
this permit, or if water was sold from storage for industrial
purposes, a mechanism to adﬁinister the Yellowstone River

Compact should be in place.

Third, reports published by the State of wyoming have
discussed exchanges of Compact water between tributaries in the
Yellowstone Basin. In order for an exchange to take place, an
administrative process would be needed that could quantify and

account for the exchange.

(C) Scope of this Report

The objectiﬁe of this report is to provide the state of
Montana with a plae to‘administer the Yellowstone Riﬁer
Compact. Administration of the Compact will most 1ike1y proce
to be a costly and time consuming endeavor. For this reason,
the proposed plan prioritizesractieities based on their
financial and political feasibility, and then organizes them
into five distinct project phases. It is assumed in this plan

that all five project phases cannot be implemented




simultaneously, and that the rate of progress from one phase to
the nextc will depend on the level of evaileble funding and the
perceived need for water resources management and COmpact

administration,

This management plan stresses the importance of measuring
and keeping accurate records of water use. Without this data
the Yellowstone River Compact cannot be administered
Therefore, the question of determining actual water use may be
the single, most critical issue to be resolved by water managers

in the Yellowstone River Basin today.




II.

PURPOSE

The underlying goals of the proposed management plan are:

To identiff and prioritize certain tasks that need to
be accomplished in both Wyoming and Montana in order to

administer the Yellowstone River Compact.

To suggest a preferred course of action and outline the

strategy necessary to accomplish each task.

To analyze the preferred course of action for potential

pfoblems or areas of conflict,

Implementation of this plan should result in the following:

1.

Develop documentation of actual diversions and water
use. These records are essential for Compact
administration and can also serve as evidence for

intrastate or interstate water rights litigation.

Allow the quantification of allocable flow on a weekly
interval, or at other intervals to be determined by the

Compact Commission.,




3.

Provide assurance that the State of Montana and Wyoming

would receive their share of allocable flow,

Enable the generation_df forecasts fof the actuwal flow
eipected at streamgages in the basin headwaters and at
the state lihe. Thesé forecasts would be necessary to
determine ihfloﬁ to the ri?er systen. A knéﬁledge 6f
infioﬁ ﬁbuld Se uééfui in helping water commissipners
regulaﬁe résefvoifs ﬁhd headgates, and would be used as

input f¢r hydrologic modeling.

Promote efficient irrigation water management practices
that would increase agricultural production and

decrease soil erosion in Wyoming and Montana.




I1I. METHODOLOGY
(A) ns.as.:ipxien..ef__ths_mm

In order to accomplish the objectives listed in Section I1,
thlB plan suggests a five phase process which relates directly
to the organization of water rights data, water-use measurement,
and to the development of a computer program which can be used
to predict divertable flow and also calculate the Compact

apportionment. The five suggested phases are:

Phase 1 - Water Appropriations Data Organization
Phase II - Streamflow Forecast Development

Phase III -~ Determination of Irrigation Water Use

Phase IV - Intrastate Admeasurement and Interstate
Communication
Phase V - Compact Administration

Due to limitations in fuﬁding and political feasibiiity,
each phese would be implemented in a step-wise manﬁer. The
shorteterm_goal would be to lay as ﬁuch g;oundﬁork as possible
in the Yellowstone Basin before Compact administration is
absolutely hecessery. The advantage £o this epﬁroach is that
the requisite data base would be compiled, and the necessary
equipment would be in place and calibrated when the decision to

administer the Yellowstone Compact is made,




Before discussing each of these five phases in detail, the

mathematicai basis for administration of the Yellowstone Compact

is introduced along with a number of simple algebraic equations

based on the provisions of Article V. That article defines the

quantity of water to be allocated to each state and is equal to

a percentage of the sum of the following terms:

1.

2.

Total post-1950 diversions in each state.

The net chapge in storage in post-1950 reservoirs in
each State.

The net change in storage in pre~1950 reservoirs
existing prior to 1950 thCh is used for irrigation,
municipal, or industrial purposes that developed after

1950.
The flow past the point of measurement specified by the

Compact.

A detailed summary of Article V is presented in Appendix A.

It is proposed that the Compact be administered on a weekly

basis using the following algebraic equations to apportion water

on each tributary:




Equation 1
N

Q (éccumWY) = ED(WY) + /\S{WYpost50) + /\S(WYpre50)

)
(This equation states that the accumulation of water used
in Wyoming ffom "October 1 £o any given date" subject to
the pefcentagé ailocatioh is equal to the sum of the
accumulated di#ersions from day 1 through the N-th
accounting period, plus the net change in storage in
Wyoming's post-1950 reservéifs, plus the net change in

storage from Wyoming's pre-1950 reservoirs used for

purposes developed after 1950.)

Egquation 2
N |
Q (accumMT) = :E:D(MT) + /A\S(MTpost50) + /\S(MTpre50)
[

(This eguation is the same as Equation 1, except the

célculation is for Montana.)

Equation 3
N
Q {(accum) = Q (accumWY) + Q (accumMT) + :E:Q {compact gage)
l
(This equation states that the total accumulated flow to

which the percéhtage allocations should apply is equal to the

10




sum of the accumulated water use in Montana and Wyoming, plus
the floﬁ past the point of measurement specified by the

Compact.)

Equation 4
Q (allocWY) = Q (accum) x w
(This equation states that Wyoming's Compact entitlement
equals the total volume of water to which the percentage
allocation applies, times the specific percentage
allocation for any particular tributary.)

Equation 5

Q {(allocMT) = Q (accum) x m

(same as equation 4, except the calculation is for

Montana,)

Where, the terms in these fi#e equations are defined as follows:

0 (accumwy) = The accumuiation of Wyoming diversions

and storage changes since October 1.

¢ (accumMT) - The accumulation of Montana diversions

and storge changes since October 1,

11




D(WY), D(MT)

Z\S (WYpost50)
ZA\S (MTpost50)

/\S (WYpre50)

Z\S (MTpre50)

0 (compact gage)

0 (acéum)

Q (allocwy},
Q {(allocMT)

Diversions for post-1950 uses in Wyoming

and Montana, respectively.

Net change in storage in post-1950
reservoirs in Wyoming and Montana,

respectively.

Net éhange in st&fage in pre-1950
rese:voiré ueed for post-1950 water
rights in Wyoming and Montana,
respectiﬁely (storage changes used for

pre-1950 rights are ignored).

The flow passing the point of

measurement specified in the Compact.

The total water from October 1 to the
calculation date to which the allocation

percentages will be applied.

The calculated quantity of water
allocated to Wyoming and Montana,

respectively, since October 1.
The percent of Q(accum) that Wyoming and
Montana, respectively, are assigned by

the Compact, such that Q + me= 100%

12



N - The N~th accounting period where N
cycles from 1 to the last accounting

period.

(C) Practical Application of Compact Equations

The key to practical appiicétidn of the equations presented
in the above section would be in the regﬁlétion bf headgates and
thé édﬁeasﬁrément of‘itfigaﬁioh Qater. Régﬁlation of D(WY) and
D(MT) must force Q(accumW¥) in equation 1 to be less than or
equal to Q(allocwY¥) in equation 4, and also fofce Q(accumMT) in
equation 2 to be less thén or equal to Q(ﬁlloéMT) in equatibn
5. At tﬁé same tiﬁe Q(compact gage) muét be minimized, since
any extra flow at this point wouid indicate that eithér D(WY) or

D{MT) is too small.

D(WY) and D(MT)_ﬁould need to be regulated on a daily or
weekly bﬁsis to maintain an equilibrium between inflow,
diversions, return flow, and allocable_fldw. - Two methods with
which to obtain eéuilibrium are introduced below. They are the

"Prial and Error" method, and the "Forecast” method.
"Trial and Error" Method

In order to maintain equilibrium with the "Trial and Frror"

method, the following procedure would be followed:

13




Measure the inflow above diversions.

Estimate the level of use that could bé satisfied with

this inflow [D(WY) and D(MT)],
Reguiate headgates to obtain this level of use.

Measure water-use as well as any flow at the point of

neasurement specified by the Compact.
Calculate Q(accum}.
Compare Q{accumWY) with Q(allocwy).

Compare Q{accumMT) with Q(allocMT)
IF: QallocWY) is greater than Q(accumWy)
THEN: Wyoming diﬁefsipns could increase, if
the demand exists.
OR
IF: Q(allocwy) is 1ess_thén 0 (accumWy)

THEN: Wyoming diversions should decrease,

NOTE: The same comparison would hold for Q{accumMT)

and Q(allocMT) .,

14




9. If needed, adjustments in accounting could be made
during the following accounting period to correct for

errors in regulating D(WY) and D(MT).

10. Repeat steps 1 through 9 at the beginning of each

accounting period in order to maintain equilibrium,

The "Trial and‘Etror" method could be'significéntly
improved if the sjstem was éalibratéd based on past experience
and if the available water supply for the nex£ accounting period
could be forecasted. These two improvements form the basis of

the "Forecast" method described in the next section.

ZForecast” Method

The "Forecast"™ method consists of the folloﬁing steps:

1. Forecast inflow above diversions for the next
accounting period. This includes the mainstem and any
major tributaries in either state.

2. Compare this inflow with historic inflows.

3. Consult a river calibration curve to identify the

historic divertable flow at this level of inflow.

15




NOTE: The calibration curve would plot the.avetage
rate of inflow above diversions for the
accounting period on the Y-axis, and the
"divertable flow" that could be allocated to
eéch state 6ﬁ a épecified percentage basis on
the x-axié. An example calibration curve and
the aécbmpanying explanatory discuésion are

contained in Appendix B.

4. With the use of a computer model project the divertable
flow and Compact apportionment for the next accounting

period.

5. Continue with step 3 of the "Trial and Error" method.
If the divertable floﬁ forecast was sufficiently
accurate, plot this new data point on the calibration

curve.

The "Forecast" method is more desirable than the "Trial and

Error"” method because:
l. It provides a guide to water commissioners on how

headgates could be set at the beginning of each Compact

accounting period,

16




2. It minimizes error and the need for "adjustments” in
allocable flow., 1In-field water rights administration
should be less expensive because less time would be

needed in regulating headgates.

3. Minimal error and fewer headgate adjustments would
increase project credibility among those appropriators

who are being regqulated,

4. It provides a method to continually update the
calibration through time. The curve becomes more
accurate and fine-tuned as additional data points are

added.

5. The calibration curve would be combined with a simple
computer program which could administer the Article Vv

apportionment on a real-time basis,

The rémainder of the Methodology section presents a
detailed description of each phase of this plan. For each
phase, the principle objectives are 1isted along with a
preferred course of action to accomplish these objections. The
preferred course of action has been organized into a list of
activities which have been prioritized, and analyzed for

potential problems or conflicts.

17




phase I - wwmmm
objectives

The objective of the first phase would be to distinguish
the difference between water rights claims and actual water
appropriations, and then ofganize the wéter appropriations
acéording to 1océtion of headgate, @riority_date, and flow
rate. Water appropriétions need to be tabulated in this fashion
in order to facilitate headgate regulation, and to determine the

quantity of pre-1950, post-1950, and supplemental flow that can
legally be diverted.

mwm.gf.mign_:_ﬂmu

Activity A

Field check all c¢laims and peimits for location of headgate
and canals, priority date, and flow rate. Establish the ditch
capacity at the headgate. The Department should then file
objections on all speculative or abandoned c¢laims affecting

state projects. All other speculative or abandoned claims

should be informally noted and filed for future reference.

18




Activity B

0vef1ey Qeiified water rights data on a mosaic of aerial
photographs and U.S.G.S. topographic maps in order to gain an
understanding of the spatial distribution of diversions and
expected return flows. This information would be necessary for
the development of accurate computer models, and would also be a

valuable reference for water commissioners and hydrog;aphers.

Activity C

Organize verified watef appropriations oh a master "Ditch
List" according to headgate iocation. Priority aates ahd flow
rates for each ditch would also be punched onto a metel tag and
permanently moonted near the headgate. Water commissioners
would find these tags extremely useful in iegulating headgetes,
aod ﬁheir presense would help decrease the frequency of disputes

among water users,

Appeﬁdix Cc oresents e compafison cn how similer water
rights in Wyoming and Montana would be organized. Ekhibit 1 of
Appendix C pfesents a eketch and shoft history of water cse for
"Rod's A-1 Canal". (A fictitious example based on fact }
Exhibit 2 compares WYoang and Montana water rights filings on
Rod's A-1 Canal. Exhibit_3 is an example of the respective
ditch 1iste. Exhibit 4 presents an example of the taé thet

would be mounted on the headgate.

19




Rotential Problems - Phage I

There are three areas of conflict that have been identified

in accomplishing the acti#ities listed in Phase T,

l. wWater rights claims in Montana, and decreed rights

outside of the Powder River Basin do not necessarily
refiect actual water use. At the present time, one
finds an inéonéisten#y in the manner in which
enlargements and supplemental irrigation are treated in
individual qléims. This inconsiétency results in
duplicéte counting of irrigated acres and flow rates.
Therefore, a computer program that simply totals the
information found in thése élaiﬁs gives inflated

results,

Because of the limitations which have been imposed on
the Department by the Water Coukts and the legisiéture,
the ?resent adjudication effort will only provide the
State with a tabulétion of historic claims. A change
in legislative goals and ditections, as well as
additidnal funding would increése the robustness of the

adjudication process in the following ways:

a) Water rights claims could be verified in the
field. This would be more accurate than the

present method of office verification Qia

20




b}

c)

d)

e)

aerial photographs, and would be necessary for

a reliéble adjudication.

Cases inﬁolving, spechiétion, abandonment df
incréﬁehtal deéelopment coﬁld be sufficiently
analyzed. The Deﬁaftment would then have
complete and accurate data with which to file

objections.

The actual volumes and flow rates for each
appropriation would be more accurate because

they would be measured.

Legal land descriptions could be assigned to

each place of use.

There could be an in-depth énalysis of land

ownership.

The State of Wyoming épplies é legal standard to the
émount of ﬁater that éan be diverted to irrigate a
cerﬁain numbéf of acres, This sﬁandérd is equal to 2
cfs per 70 acres for water righﬁs with a priority
earlier than 1945, and 1 cfs per 70 acreé for water

rights with a priority later than 1945,

21




Montana, on the other hand has no consistant legal
standard and the present system of nater rights
adjudication uses a "capping standard"” based on flow
rate, climatic area, and crop consumptiue uaes to

identify and reduce unjustifiably large claims.

The teault is that a ditch company may oun very
different water rights depending on whether it is
located in Wyoming or Montana. Although legal, this
inconsistency and bias may become a politically
sensitive issue when water rights are regulated on an

interstate basis.
Conclusion - Phase I

Administtation of the Yellowstone River Compact depends on
the availability of aocutata and up-to-date uater appropriation
information including actual itrigated acres, flow rates, and
priority dates. At the present time, this information is not
available, and subsequently, the basin 8 water resources are not
truly managed. Water management requires an intensive
adjudication such as the one in the Powder River Basin.
Originally, it ﬁas assuned that the statewide adjudication would
proceed accotding to the methodologies developed for the Powder
Riuer Baain. Recéntly, howeuer, the water Courts have
interpreted the intent of thé legislature to favor the

expeditious adjudication of a "general water rights list" where

22




gspecific features are stated but are unverified or 1bose1y
verified. This list will probébly be subject to future
modification ﬁhfough judicial argumeﬁt and possibly by
administrative approval. The DNRC therefore has two options
which it could ﬁ%rsﬁe in order to fulfill the objectives of

Phase I. These options include:

1. Clarify the intent of the legislature and redefine the
goals and objectives of the statewide adjudication to
more closely resembie the adiudication in the Powder
River Basin. Obtain legislature support for these

activities as well as an adeguate le#el of funding.
2, Object vigorously to every decree.

Phase II is presented in the ne#t section. This phase
suggests that the State bf Montana enter into a cooperétive
agreement with Wydming and the Soil Conservation Service to
purchasé, install, ahd maintain stream gages and éertéin
telemetry equipment in order to geherate étfeamflow forecasts

for each tributary in the Yellowstone Basin,

23




Phase II - Streamflow Forecast Development
Qbiectives

The objectives of Phase II include the purchase and
installation of SNOTEL-related equipment and the development of
compoter softwafe that_couid forecast streamflow based on
snowmelt and other heteorological parameters., Forecésts of

streamflow would be necessary for the following reasons:

l. 1In ordet to admeasure water, water commissioners and
hydfographers would néed to know the inflow above
diwersions at key points on any particular stream. A
streomflow forecast for the compact accounting period
wouid giwe the range of inflows expected during that
time period. Bésed on this information, water
commissioners could select éﬁfa&gggéeﬁheadgate setting
for ﬁhe accounting period and eliminate the need for

daily adjustments.

2. Valid application of the computer model and célibration

curve is predicated on an accurate forecast of inflow.
3. Streamflow forecasts would help facilitate basin wide

water management because water users could schedule

irrigation based on projected supply.

24




It is suggested that the U.S. Department of Agriculture,
Soii Consefﬁation Service (SCS) be responsible for the
deéelepment of streamflow fofecasts becauee that agency has
considerable experience and expertise in the area of
forecasting. _Fu:thermore, the 8CS is in a position te act es an
independeht third party, and could issue credible and unbiased

forecasts on each tributary affected by the Compact.
Hmwwmﬂ_ll
Activity A

Retrofit existing SNOTEL sites with micro-circuit boards
that would integrate air temperature at 15-minute intervals,
This data would be necessary in order to more accurately

forecast snowmelt.
Activity B

Identify basins that do not have a streamflow gage located
above major diversions in the basin headwaters. Formulate a
cooperative arrangement between Wyoming, Montana, and the United
States Geological Survey (USGS) to finance end install these new
gages. Each gage would need telemetry capability because
real~time data from these geges ﬁoﬁld be used for the

calibration and operation of streamflow forecasts.

25




Activity C

Identify basins that do not have a sufficient nuhber of
weather stations, Finance aﬁd install these new weather
statiohs. Climatological data Qould be most important in basins
where streamflow is more dependent on idcal precipitation than

on high mountain snowmelt (i.e.-Powder River Basin).

Activity D

Identiff USGS stream gages whi#h are located at the state
line or at the compact measurement points that do not have
telemetfy capability and telemeterize such gageé. Reél—time
flow data ffdm a system of telemetered gages would be necessary
to guide water commissionefs, administer the compéct, and verify

that Montana's allocation actually crosses the state line.
Activity E
Compile historic snow-pillow, stream gage, and weather data

for each basin. Enter this information into a computerized data

base for use in the development of the snowmelt-streamflow

forecasts.

26




Activity F

Develop the software and statistics to analyze the
parameters listed in Activity E and construct a computer model

for each basin that predicts streamflow from snowmelt,

The Soil Conse:vatioﬁ Service has indicated a willingness
to cooperate with the States of Wyoming and Montana in the
development of forecasts that wéuld mutually behefit both étates
and help administer the Yellowstone Compact., The SCS has
identified the Clarks Fork Basin as a high priority watershed
for fiscal year 1983, and in the near futﬁre, inteﬁds to draft é
cooperétive agreement to develop forecasts in the iémaining

basins.

It is suggested that any costs related to the collection of
streamgage data continue to be divided: 25% Wyoming, 25%
Montana, 50% USGS. Other costs should be divided equally

between both states.
muu.mmﬂumu
Mo problems are expected since the aquisition of hydrologic

data and the development of forecasts are activities that could

benefit both Wyoming and Montana.

27



_ i _

The capability of forecasting inflow to a river Qould
signifiéantly impiove the manner in which individual water
fights, as well as the Yélloﬁstohe Compact could be
administered. Basinéﬁide water manageﬁent énd irrigation
scheduling are dependent on éccurate and timelf forecasts of

évailable water éupply.

After a system of forecasting inflow has been developed,
the next step in the administration of water rights involves the
actual physical measurement of the quantity of water being

appropriated. This activity is discussed in the following

section.

28




Phase III - Determination ¢f Irrigation Water Use
Obiectives

The objectives of Phase III would be to educate water users
concerning the importance of irrigation water measurement, to
install proper headgates, measuring devices, and recorders on
all major ditches and canals {(The most common varieties of water
méasuring devices include wéirs, flumeé, and vane type flow
meters. Examples of a number of different types of water
measuring devices and the advantages and disadﬁantages of each
are listed in Appendix D.), and to institute a éehtralizéd
system of uniform record keeping. There is an urgent need to
measure diversions and keep accurate records of water use for

the following reasons:

1. The apportionment formula in Article Vv of the
Yellowstone River Compact specifically requires these
data [See 85-20-101, 105, 106 of Montana Code
Appetated)l. The measurement of irrigation water is a

prerequisite to real-time Compact administration,
2. Adequate headgates and water measuring devices are

needed to administer jntrastate water rights and to

admeasure water,

29




3. Water use data are required in order to accurately
determine each state's historic share of allocable flow

under the terms of the Yellowstone River Compact.

4, The protection of existing irrigation is important to
both states. Therefore, this use needs to be

accurately identified, measured, and recorded.

5. Watef measuremeht is aﬁ integral componeﬁt of
irrigation scheduling and irrigation water management,
From an agricultural and economic standpoint,
irrigation séheduling and water measurement should
provide many benefits to farmers and ranchers. It has
been shown that seed germinatién and plant g:owth are
hegati#ely affected by over-watering. 1In addition, the
erosion of the water;hblding 6r§anié 1ayér of soil
contributeé to decreased yields and increased sediment
loads to streams. Water users, therefdre, need to be
awaré that there is a finahcial incentive to managing
and measuring the amount of ﬁater going to their

fields.

A review of Compact Law, as well as Montana and Wyoming
state law regarding the authority to measure water use may be

found in Appendix E.
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There are two basic strategies the State of Montana could

use to promote irrigation water measurement:
Strategy A

amend state statutes, or have the Board of Natural
Resources adopt rules, that facilitate the enforcement of laws
requiring water measurement and record keeping. (see

85-2-113-sub 2b, MCA).
Advantages:

l. This method produces quick results.
2. Data could be collected from every water user.
3. The new law, or adopted rule would apply

statewide.
Disadvantages:

1. Government regulation is not popular.

2. The political feasibility of amending state law
to enforce irrigatioh water mesﬁrement is
guestionable.

3. Measurement is costly.
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Strategy B

Iﬁitiate a p:ogiam through the Cboperative Extension
Service to educate water users concerning the benefits of
irfigation water measurement. The purpose of this program would
be to ekplain how water-users cén protect themselves under the
terhs of the Compact éhd thereby instill é grassroots demand for

water measurement.

Advantages:

1. There would be a higher degree of community
acceptance in measuring water use,

2. The edﬁcational process ﬁould most likely
incorporate principlés of ifrigation water
management and ifrigation scheduling.

3. This method could result in increased
égricultural productivity and decreased soil
erosion,

4. Users would be documenting their use and

protecting their rights through record keeping.
Disadvantages:
1. The process of education is expensive and slow.

2. Compliance is not mandatory.
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3. The data resulting from this method would be

incomplete.
Preferred Course of Action - Phase ITI

Analysis of thé gd%antégés and disadvantages of strategies
A ahd B suggest that neither strategy would be sufficient by
itself. Thefefore, the preferred course of éétion should
combine government regulation énd public education in a manner
that achieves the required results. The following acﬁivities

are suggested:
Activity A

Develop and promote programs with the Coopertive Extension
seivice or other interested agencies to educate irrigators
concefning Yellowstone Compact issues aéuwell as the impoitancé
of irrigation water management and scheduling. The objective of
thése progréms would be to increase community acceptance of

measuring diversions and recording water use.

Activity B

After community acceptance has increased, develop rules to
be adopted by the Board of Natural Resoruces which would require

irrigation water measurement and record keeping.
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Activity C

Assign the DNRC Water Rights Field Offices the
responsxbllity of assisting ditch owners in sizing and

installing proper headgates and measuring devices.
Activity D

Introduce legislation that would move the jurisdiction over
water rights from the District courts to the DNRC Water Rights
Bureau., The District courts would continue to have the power of

judicial review, and handle any cases appealed to them.
Activity E
The Water Rights Bureau would set up a data file on

diversions, and work directly with water commissioners and the

Yellowstone River Compact Commission.
Potential Problems - Phase III

There are two areas of conflict that the State of Montana

should be concerned with:

a. The prevailing attitﬁde concerning the measurement of

diversions in the State of Montana.
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b. The political feasibility of moving the jurisdiction
over decreed water rights administration from the

district courts to the DNRC.
gonclusion ~ Phagse III

Irrigation water measurement is one of the most critical
issues to be resolﬁed in the Yellowstone River Basin., without
the measutements énd record keeping of actual water use in both
states, the Yellowstone Compact will probably not be
administered. 1In addition, because water rights administfation
is tied directly to measurement and adequate fecord keéping,

this issue also has implications outside the Yellowstone Basin.

Two methods of implementing a system of water measurement
have been suggested: government regulation and public
education. Each has its inherent advantages and diéadvantages,
and for this reason a combinatidn of éducation and legal action

may prove to be the most effective strategy.

The general public needs to be made aware of the benefits
of measuring their water use and a grassroots demand for this
activity should be cultivated statéwide. Ih adéition, the
education process should be subtle and procede in a manner that
paves the way for unified state administration. Such
administrative activity ﬁould then provide a procedural
framework and uniformity in rule making that could apply

statewide.
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Phases I, II, and III are concerned with water rights data
organization, streamflow forecast development, and water
measﬁremeﬁt. The hext step wduid be the formﬁlation of a
procedure that could be used by watér commissioners to
administer water rights on a real-time basis. This is the
principle écﬁivity of Phase IV and ﬁiil be addressed in the

following section,

36




Phase IV =~

The objectives of the fourth phase of this plan include the

creation of an institutional and procedural framework with which

to admeasure irrigation water in each state, transfer and store

water use data between agencies in a particular state, and

communicate this information between states, It is assumed that

before water commissioners could admeasure water, the following

criteria would have been satisfied:

Water rights in each basin would be field-checked,
verified, mapped, and then organized according to the

headgate from which they originate.

Functional headgates and accurate measuring devices

would be installed in each ditch.

Water rights data (ditch name, priority dates, flows)
would be punched on metal tags and permanently fixed to
each headgate.

Streamflow forecasts would be developed for éach basin.
Each streamflow gage at the basin headwaters, state
line, and compact point of measurement would have

telemetry capability.

37




The actual need to proceed with Phases IV and V would be
predicated on a demand to manage and regulate diversions in the
Yellowstone Basin. This demand could come from any one of the

following sources:

a. Water users in either Wyoming or Montana might demand

regulation due to a severe drought.

b, wWater users in Montana might demand interstate
regulation in response to a water shortage induced by

overdevelopment in Wyoming.

c. Agencies of both state governments might require
basin-wide water management if Wyoming began

construction on large storage projects.

d. Agencies of both state governments might require
regulation if there was a bilateral exchange of water

between tributaries in the Yellowstone Basin.

e. The State of Montana would require regulation if
permits were granted to Wyoming users for the
appropriation of large quantities of water from the

Yellowstone River mainstem.
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The ability to admeasure water in Montana would depend on a

number of factors; the most important ¢of which would be the

status of the current statewide adjudication process. For

example:

a.

If a final decree has been issued on each tributary in
the Yellowstone Basin and current state law concerning
water righté regulation does not change, then 15% of
the owners of the water rights, or the DNRC, coﬁid
petition the disﬁrict court(s) to appoint a water
commissioner, In this case, the reéponsibility for the
administration of intrastate water rights, as well as
for the coordination of water rights related to
intefsﬁate compact activities, would fall within

Montana District Court jurisdiction.

If a final decree has not been issued and current staﬁe
law éonceining water rights regulation does not change,
there would be some gquestion regarding the watér
cbmmissioner‘s abiiity to effectively regulate
non-adjudicéted rights., 1In this case there is a high
pkobability that tﬁe Yellowstone Compact could not be

administered.

If a final decree has been issued and the legislature

transfers the court responsibility for administering

39



pre-1973 water rights to the DNRC, then all Compact and
water rights related activities could be coordinated

through this agency.
Preferred Course of Action - Phase IV
Activity A

Develop an organizational infrastructure that could
administer and reguiate wété: use 6n both an intrastate and
interstate basis. If the Montana District Courts continue to
have jurisdiétion over water tights administ;atioh, there would
be a need to define the limits of their respohsibilities, and
exactiy how their acitvities would be coordinated with the
Wyoming State Engineer's Office, the DNRC's Water Rights Bureau,

and the Yellowstone River Compact Commission.

Activity B

There is a need for the administrative entities in charge
of water use regulation in Montana and Wyoming to meet with the

Yellowstone River Compact Commission for the purposes of:

1. Establishing a formal line of communications for

in-field administration of the Compact.
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2. Developing a procedure to compile and present water use
data in a timely, systematic, and uniform manner,

3, Adopting any rules and regulations that would be used
as a guide for in-field administration of water rights
between states,

Activity C

Introduce legislation that would transfer the

responsibility for administration of pre-1973 water rights from

the Montana District Courts to the DNRC Water Rights Bureau.

The ability to appeal a DNRC decision to judicial review would

still be available, This change is suggested for the following

reasons:

The Water Rights Bureau has experience in processing
aﬁd verifying water rights claims and should therefore
have é cémprehensi#e understanding of water use in the
Yellowstone Basin.

Water Rights Bureau personnel have worked with water
users on an individual basis and have already
establishéd éredibility and trust.

Administration of water rights via the wWater Rights
Bureaﬁ would not depend on 1éga1 actions or court
proceedihgs. The total cost to initiate regulation

would be less.
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4, Water Rights Bureau Pield Offices have already been
establiéhed. Water rights data, and some of the
equipment to access and analyze these data is in place
and operational, Water commissiéﬁeré and hydrogfaphers

would be able to work out of these offices.
Activity D

Introduce legislation that wouid giﬁe greater
administratiﬁe control to Montana water commissioners for the
regulation of reservoir storage., All requests for releases from
storage should be coordinated with the water commissioner

because:

l. The water commissioner would have to quantify inflow
above diversiohs, as well as flows released from
storage in order to properly regulate water rights that
would be satisfied fiom natural flow, and rights that

would be satisfied with stored water,

2. The ﬁater commissiohef Qould be responsible for the
quantification of /\S(WY¥pre50) and /\S(MTpre50) in the
Compact allocation formula., (Eguations #1 and #2).
These terms represent the net éhange in storage in
pre-1950 reservoirs used for post-1950 development in

Wyoming and Montana.
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Activity E

Once an organizational infrastructure is in place, the

following rules and regulation would need to be adbpted by the

Compact Commission in order to administer water rights on an

interstate basis:

1.

At the beginning of the iriigation season, ifrigators
in both states would open their own headgates, set
flows to thé desired level, and measure diversions.
There would be no need to administer water rights on an
interstate basis until a Montana irrigator on the
mainstem of a stream which physically crosses the state
line becomes short of water.

At this point, Q(allocwy) éhd Q{allocMT) would be
quantified. These terms reprééent the quantity of
water allocated to Wyoming and Montana, respectively,
since Octobér 1.

If the total accumulated flow in Wyoming Q(accumWY) is
greater than the total allocabie flow, Wyoming wéter
use must be regulated to conform with the compéct
equation and satisfy as much of the Montana demand as
possible, If not, the Mohtana irrigator would be
regulated according to priority of right within the
State of Montana, only.

Once the sysﬁem is in equilibfium, the inflow and the
divertable floﬁ would be plotted on the river
calibration curve. (See example énd méthodology in

Appendix B).
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Potential Problems - Phase IV

Wéter rights administration on a full time basis requires a
large capital investment. For example, commissioners and
hydrographers need transportation and communications equipment.
Each office needs to have a copy of all relevant water rights
data, aerial photographs and maps. In addition each office
éhould be capable of referencing the central water rights
computer file in Helena. Additional stéff and such office

equipment as typewriters, copy machines, etc. would be needed.

A potential conflict with Montana state law exists on how
this equipment and its maintenance would be paid for. Montana
Code Annotated (85-5-201 through 206) requires the water
commissioner to keep a record related to only the following

expenses:

1. "... reasonable expenses incurred by a water
commissioner in telephoning to the judge for

instructions in cases of emergency."”

2. "... any expenses necessarily incurred by the water
commissioner in the discharge of his duties in the
employment of extra 1abor.fof the repair of dams,
headgates, ditches, or flumes when immediate action is

necessaryee.."

44




The law also reguires the water commissionér to file a
letter with the clérk of court concerning his expenses. This
letﬁer would be sent to all appropriators with an opportunity
for their objections, a public hearing, and motions to retax.
After the objéction period, the court Qoﬁld fix ahd apportion

these fees and expenses,
Conclysion - Phase 1V

Tﬁe sections of law pertaining to water commissioners, and
their salaries and e#penses are inadeguate. 1In additioﬁ, the
anticipated costs of water righté administration would preclude
user taxation as a method of financing. Legislation shoﬁld

therefore be introduced that addresses these issues.

Phase IV has outlined a strategy to provide Montana with an
organizational infrastructure to reguléte water use on an
intrasﬁate basis. After both stéﬁeé afe able té administer
water rights on an intrastate basis, the final step would be
administration of the Compact. Developing the Compact
accounting computer model and resolving‘issﬁes related to
administration of the Yellowstone Compact are the principle

activities of Phase V.
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Phase V ~ Compact Administration
Objectives

The principle objectiﬁe of Phase V is the development of a
computer program {(Compact Accounting Program) that could
pekiodicélly evaluate the Compact apportionment and maintain
such statisﬁics as streéﬁflow, diversions, reservoir operations,
evapdrétion and water transfefs. The Compact Accounting Program
would be based on the equations that were introduced in Section
III B of this report and ﬁould use initial inp&t values of
divertable flow obtained ffom the river.calibration curves found
in Appendix B. An example which ties together the ideas ahd

methodology of Phases I through V is presented in Appendix G.
Preferred Course of Action - Phase V
Activity A

Decisions need to be made by the Yellowstone Compact
Commission regarding what person(s) in which agency(ies) would

be responsible for:

1. Coordinating activities related to the use and updating

of the river calibration curve.
2. Developing computer software and documentation for the

Compact Accounting Program.
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3. Developing a user's manual for the Compact Accounting
Program.
Activity B

The Compact Commission would need to decide:

1. 1In which state, and on what computer, the Compact
Accounting Program would be stored and how the
develoﬁment of this program woﬁld be financed.

2. What pefson in which state would run and maintain the
accounting prograﬁ.

3. Ho& this person's salary, computer processing, and
related expenses wouid be financed.

Activity C

The Compact Commission would need to adopt rules and

regulations that would formalize communications and procedures

relating to the coordination of the following activities:

1.
2.
3.
4.

Generation of streamflow foreéasts.
Construction of the river calibraticn curve.
Prediction of divertable flow.

Petitioning Montana district courts to regulate

diversions.
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5. Regulation of headgates,
6. Reservoir operations.
7. Organization and storage of data.

8. Running the Compact Accounting Model,
Rotential Problems -~ Phage V

There are a number of Compact-related issues that need to
be resolved in order to administer the Yellowstone Compact on a

real-time basis. These issues include:

A Al lﬂwmwmmﬁ“
Spring Flow (Assuming No Reservoir Storage)

Fdr purposes of this report, flows during the
non-irrigation season and excess spring flows shall be defined
as that excess flow which passes the cbmﬁact peint of
measurement from October lst to the first day during the
irrigation seasoh when water is admeasured on an interstate
basis. This flow is physically unavailable during the
ifrigation season; it is not in the stream, it has not been
stored, and it therefore cannot be "allocable flow". For
administrative purposes, this water could be moved to an "unused
and presently unavailable" account. Statistics from this
aécount would be useful for sizing new réservoir projects and

determining firm yields.
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The adjusiment deécribed above would have the effect of
zefoing out the term Q (compact gage) in Equation 3 until there
was a demand on the system to regulate water righté on an
interstate basis. Return flows generated below the iast
diversion in Montana and above the poinf of measurement would
also be subtracted from the @ (compaét gage) flow, since this

flow is physically unavailable upstrean.

An example explaining why this adjustment would be
important on streams which have no reservoir storage, and how

this adjustment would work can be found in Appendix F,
b. Indian Regerved Water Rights

Would an interpretation of Article VI of the Compact imply
that Indian reserved water rights are to be subtracted from the
total allocable volume, or are they chargeable to the state in

which the use occﬁrs?
c. Supplemental Water

The Compact Commission would need to adopt a regulation
defining "supplemental water™, It is suggested that a version

of the following definition be adopted:

"Supplemental water, for purposes of administering the

Yellowstone River Compact, shall be defined as that
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quantity of water having a post-1950 priority which is
appropriated for the purpose of bringing a full supply to
land alréady irriéatéd with water having a ?re—1950
priority." Definition of the term "full supply" should be

standardized in both Wyoming and Montana.

d. QOperatiopn and Administration of Water from Interstate
Regervoirs.

Reservoifs 1océted on the state line present special
problems in the determination of /\S(WY pre50) and /\S(MT
pre50). For example, how would evé?oration be charged? The
Bureau of Reclamation operates Yeliowtail Reservoir to optimize
hydroelectric power éroduction. How does this fit into the

Article V apportionment?

e. Apportionment of Non-Compacted Return Flows

Return flows via wasteways from non-compacted streams
(i.e., Rock Creek in the Clarks Fork Bésin) empty into compacted
streams (i.e. Clarks Fork River méinstem). Presently, this flow
ﬁould be considered "éllocable“ because it would either be
diverted or it would flow past the point of measurement. How

will cases like this be handled administratively?
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f. DProtection of Instream Flows

Minimﬁm flow standaids for the protection of aquatic
habitat in thé Yellowstone Riﬁer Basin have already been adopted
by the state of Montana. It is likely that Wyoming may soon
adopt similar standards. 1Instream uses of water present special
problems for administration of the Yellowstone Compact because
Article V apportions éll water flowing past the point of
measurement. It is suggested that as soon as Wyoming adopts
instream flow standards in the Yellowstone Basin, all instream
flows be protected from apportionment under the terms of the
Compact. To do this, the Compact Commission might adopt rules
of regulations that would have the effect of subtracting the
appropriate instream flow from the flow at the point of
measuremeht and then transfering it to an "unused and presently
unavailable" account. Another exampie of how the Compact
Cbmmission could protect instream flows is preéented in Appendix

H.
Conclusjon - Phase ¥

Phase V emphasizeé the importance of developing a Compact
Accounting prbgram as well as resolving a number of issues
affecting the Yellowstone Compact épportionment. It is
suggested that a timetable be developed by the Compact
Commission to resolve these issueé through negotiaiion rather

than through litigation.
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IV. CONCLUSION

Records of actual water use are necessary in order to
administer the Yellowstone River Compact, to make a
determination of Montana's historic share 6f allocable flow, and
to protect existing irrigation in the Yellowstone Basin.
Therefore, the management plan presented herein stresses the
importance of providing the State of Montana with an
institutional framework to promote water measurement and

accurate record keeping.

Suggestions have been presented which wodld affect Montana
state law regarding jurisdiction and procedures pertaining to
water righte administtation, admeasuremeﬁt, and regulation. 1In
addition, a method is proposed whose purpose is to forecast
inflow and total divertable flow, and to assist water
commissioners in the daywto-day administration of water rights

on an intrastate and 1nterstate ba51s.

It is now up to the Wyoming and Montana legislatures, and
the Yellowstone River Compact Commission to decide if the
Compact needs to be admlnlstered and when a system of water

measurement should be implemented.
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APPENDIX A -~ SUMMARY OF ARTICLE V OF THE YELLOWSTONE RIVER

COMPACT

The Compact does not affect the enjoyment of appropriative

rights existing in each state as of January 1, 1950.

0f the ﬁnused and unappropriated waters as of January 1,
1950, each State is alloﬁed supplemental water for the
rights existing as of Januéry 1, 1950. The remaining‘
unused and unappropriated watefs are allocated to each

State:

1. Clarks Fork - 60% WY, 40% MT;

2. Bighorn River (Exclusive of Little Bighorn River) - 80%
WY, 20% MT;

3. Tongue Rier - 40% WY, 60% MT} and _ N

4, Powder Ri#er (Iﬁcluding the Little Powder River) - 42%
WY, 58% MT.

The quantity of water to be allocated by the percentages is
on an October 1 - September 30 water year basis. The

quantity, in acre-feet, is the algebraic sum of:
l. Total diversions for irrigation, municipal, and

industrial uses in Wyoming and Montana developed after

January 1, 1950 from October 1 to calculation date.
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Net change in storage in all reservoirs in Wyoming and
Montana completed after January 1, 1950 from October 1
to the calculation date.

Net change in storage in existing reservoirs (as of
January 1, 1950) used for irrigétion, municipal, and
industrial purposes developed after January 1, 1950
from October 1 to the calculation date,

The quantity of watef that passed the point of
measurement in the stream from October 1 to the

calculation date.

{(Addresses Montana - North Dakota allocations)

Excludes:

Domestic and stockwater uses, provided that thé
capacity of an excluded stockﬁater reservoir does not
exceed 20 acréwfeet.

"Devices and facilities fof the control and regqulation

of surface waters.”

(Allows modifications of allocations under certain

conditions.)
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APPENDIX B - SAMPLE CALIBRATION CURVES AND EXPLANATIONS
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Explanati £ Calibrati c 1

Abscissa - The total post-1950 divertabie flow to be allocated

on a percentage basis between Wyoming and Montana.

Ordinate - The average inflow to the river system in cubic feet
per second for the accounting period (7 days).
Inflow is measured above diversions on the mainstenm,

and on all major tributaries,
Example - Clarks Fork Basin

At the beginning of day 1 of the compact accounting period,
the measured inflow above diversions was 3500 cfs. By the end
of the accouhting period, the measured inflow is 4500 cfs.
Assuming a constant rate of increase, the average inflow for

this period is 4000 cfs.

Next, assuﬁe that pre—1950 users in both Wyoming and
Montana can be satisfied and that, after regulation of post-1950
uses, there is approximately 500 cfs of divertable flow
recorded. 1In the Clarks Fork Basin, the split is 60% (Wyoming)
- 40% (Mohtana). Tﬁerefofe, for this aécounting period,
headgates are regulated so that there is only 300 cfs of

diversions in Wyoming and 200 cfs of diversions in Montana.
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Calibration curve #) serves two functions. First, data
derived from actual system operation at the end of the
accounting period is plotted. The curve is calibrated with
actual measured inflow and gc¢tual diversion data, Second, the
curve can be used as é predictive tool. [Forecagted inflow can
predict projected level of use for the upcoming accounting
period. The projected level of divertable flow would be used as
inpﬁt for the initial run 6f the Compact Aééounting Program to

determine the apportionment.

How to Use Curve #1
(Assume accounting period is from day N to day N 4 7)

1. On day N-3, the average inflow above diversions for day

N through day N+7 would be predicted.

2. Enter curve #1 with this value and read off divertable

flow for post-1950 uses.

3. Apply compact percentage, and calculate divertable flow
for each state, "Divertable flow" in each state would
tranélate to a specific priority date or level of use
for which water would be regulated. The values for
inflow, divertable flow, and return fliows could be
tested in the Compact Accounting Program at the

beginning of each accounting period.
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4., Use these values of divertable flow in the initial fun
of the Compact Accounting Program to determine whether
the values chosen conform with the terms of the
apportionment. 1If not, rerun with new values of

divertble flow.

5. Water Commissioners in each state would then set

headgates on day N to correspond to this level of use.

6. 1If there is any excess flow at the point of measurement
which could be used upstream, headgates would be

readjusted accordingly.

7. At the end of the accounting period the Compact
Accounting Program would be rerun with actual values
for diversions, and actual inflow versus actual

divertable flow would then be plotted on calibration

curve #1.

8. Steps 1 through 7 would be repeated for each accounting

period.

Note: Calibration curves do not take into account water
released from reservoirs. This is considered to be
a separate issue. Also, the temporal distribution
of return floﬁ may indicate that a distinct

calibration curve may be needed for each month.
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lanat £ calibration C 29

Abscissa -~ average streamflow at the state line for the
accounting period needed to satisfy all pre-1950
users plus any post-1950 uses indicated by

calibration curve #1.

Ordinate - average rate of inflow above diversions for the

accounting period.

Calibration curve #2 is an extension of curve #1, For the
example presented, 4000 cubic feet per second is the measured
inflow above diversions., All pre-1950 ab?fopriators are
satisfied and there is a totél of 500 cubic feet per second of
diversions for post-~1950 uses, There is little excess flow at
the point of measurement, Calibration curve #2 indicates that
under these conditions, 800 cubic feet per second should cross
the state line, Calibration curve #2 and streamgage teleﬁetry
are necessary to insure that Montana receives its share of
Compact water at the state line. This flow would probably be

‘monitored on a daily basis during critical low flow periods,
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APPENDIX C - WATER RIGHTS EXAMPLE
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- Red's A-l Canal
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1890

Ditch
Capacjty
15 cfs

(Canal located in Wyoming or Montana)

Ditch Completed
to Point

a

Lands

Irrigated
A

Actual Use
10 cfs diverted
6 cfs lost through leaky

canal
4 cfs applied to field A

1910

35 cfs

35 cfs diverted
6 cfs lost through leaky
canal
4 cfs applied to field A
10 cfs applied to field B =~
full supply
15 cfs applied to field C -
1/2 supply

19851

80 cfs

61

A,B,C,D

76 cfs diverted

6 cfs lost to system

4 cfs applied to field A
10 cfs applied to field B
30 cfs applied to field C
10 cfs lost to system
16 cfs applied to field D



APPENDIX C - Exhibit 2

Rod's _A-1 Canal Company
Wyoming Filinas
Note: The water rights have been ad]udlcated by the Wyoming
Board of Control and are listed in a document entitled

¥yoming. During a water shortage, water used by Rod's
A-l Canal Company is regulated by a water commissioner
according to these rights.

Flow
Permit No, Priority (C.Fr,8.} Acres
1000 1890 4.0 140
Enlargement 1 1810 10.0 (£full supply) 350
+ 15,0 (half supply) + 1050
25,0 1400
Enlargement 2 1851 10.0 {supplemental for C) -——
+ _8.0% 560
18.0
TOTAL ‘ 47,0 cfs 2100 acres

*Note: Priorities earlier than 1945 get 2 cfs/70 acres
Priorities later than 1945 get 1 cfs/70 acres

Moptana's Filings
(CQFCSO)

Priority Date Flow.Rate Acres Type of
Claim # __Claimed Claimed ~Claimed  _Ri
1000 1890 15 140 Decreed
1001 1310 25 1400 Use
1002 1851 40 1610 Filed
TOTAL 80 3150
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APPENDIX C - Exhibit 3

Exanmples of Master Ditch Liskts
Hyoming Montang
Ditch No. 001 Ditch Wo. 001

Mame:
Headgate location:
Ditch Capacity:
Acres Served: 2100

Water Rights:

Rod's A-1 Canal Co.

80 c¢fs

Permit 1000

Enlargement 1
Enlargement 2

Iype  Priority  FPlow

Mame: Rod's A-1 Canal Co,
Headgate location:

Ditch Capacity: 80 cfs
Acres Served: 2100

Water Rights: Claim 1000
Claim 1001

Claim 19002

Type  Priority Flow
A 1890 15 cfs
A 1910 25 cfs
A,S 1951 15 c¢fs
B 1951 25 cfs
TOTAL PRE~1950: 55 cfs
TOTAL POST-1950: 25 cfs

A 1890 4.0 cfs
A 1210 25.0 cfs
A,S 1951 10.0 cfs
B 1951 8.0 cfs
TOTAL PRE-1950: 39 cfs
TOTAL POST-1950: 8 cfs
Key
A = Pre-1950
B = Post-1950
S=

Supplemental (defined as that water needed to bring land

irrigated prior to 1950 up to a full supply)
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APPENDIX C - Exhibit 4

feramwo. ooi T
- | ROD'S A~1.CANAL 0. (Wyomtng) . <\
- DOCUMENT ... . PRIORITY ......FLOW. .

11000 . 1890 . .. 4 ofg. .
[B=1. . 1910 . 25 cfs
B-2. . . 191 . 10 cfs.
E-2 1951 . B cfs.

:b_ ool TTTn L Fes @ y

-

(§teat yo. oo1 | R
ROD'S A-1 caNaL co. (Montana)
DOCUMENT . . -~ PRIORITY - = FLOW ..

1000 . - 18%0 15 cfe.
1001 1910 25 cfs
1002 ' 1951 . 15 cfs.
1002 ' 1951 25 'cfl/

®
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APPENDIX D - EXAMPLES OF WATER MEASURING DEVICES

'.‘.‘ﬁ?t #’5‘1* "

Draw:l.ngs adapt.ed from Irrigation ’watar ‘ﬂeasurement. Agricultutal Extension
' : e i e s Service, W—Laramie
R

P

: QOINI 10 uusun
. DEP

RECTANGULAR WEIR -

POINT 10 MEASURE
DEPTH (M) .

TRAPEZOIDAL WEIR

. " POINT YO MEASURE




'PARSHALL FLUME

A

TRAPEZOIDAL FLUME
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' VANE-TYPE FLOW METER




(A) Weirs - (rectangular, Cipolletti, V-notch)

Advantages:

1, Weirs are simple to construct.
2. WVelirs are convenient to use,

Disadvantages:

1.

3.

Weirs are not accurate unless they
are properly installed and
maintained. (the pool of water
behind a weir often £ills up with
sand and silt).

Weirs require a considerable drop
between the upstream and downstream
water surfaces. This may not be
possible where ditches are on a
nearly level grade.

Weirs are not easily combined with
turnout structures.,

(B) Flumes (Parshall, Trapezoidal)

(Parshall Flume)
Ad#antages:
1.
2.
3.

4.

5.
6.

7.

Disadvantages:
1.
2.

Parshall flumes are durable and
require little maintenance.

Parshall flumes are very accurate.
Sand and silt in the irrigation water
do not affect the performance of a
Parshall flume.

Parshall flumes do not require a
large change in head between the
upstream and downstream water
surfaces. -

The rate of flow through the Parshall
flume does not affect its accuracy.
The Parshall flume has a wide range
of flow capacity.

Pre-fabricated Parshall flumes are
available commercially.

Parshall flumes are more costly than
weirs.

Parshall flumes are more difficult to
install,.

(Trapizoidal flumes)
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Advantages:
1.
2.
3.

Disadvantages:

1.

Trapizoidal flumes are easy to
construct and install.

Trapizoidal flumes do not require a
large change in head.

The trapizoidal flume can handle a
large range of flow.

Trapizoidal flumes are not as
accurate as Parshall flumes because a
very small change in head results in
a very large change in flow.

(C) Vane type flow meters

Advantages:

1.

2.

3.
Disadvantages:

l.
2.

Vane flow meters are portable and can
be used to measure flow on a number
of canals.

Vane flow meters are easy to install.
Vane flow meters give direct readings
in cfs.

Wind affects the accuracy of vane
flow meters.
Vane flow meters are not inexpensive.
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APPENDIX E - LAWS REGARDING THE DETERMINATION OF IRRIGATION WATER

USE

S&ﬁmﬁ_m.t.e.umﬂx_em.enL:_ggmp_ang

The issue of irrigation water measurement is addressed in
Article I, paragraph B, of the "Rules and Regulétions for
Administration of the Yellowstone Compact®, This paragraph
states that "Records of total annual diveréion in acre-feet above
the points of measurement designated in the Compact for
irrigation, municipal, and industrial uses developed after
January 1, 1950, shall be furnished by the members of their
respective States, at such time as the cdmmission deems necessary
for interstate administration as provided by the terms of the
Compact." In addition, both the Yellowstone Compact and
administrative rules state that the “apprépriative rights to the
beneficial uses of watef .+.+ existing in each signatory state as

of January 1, 1950, shall continue to be enjoyed...."
It would therefore be reasonable to infer the following:
1. The Yellowstone Compact and administrative rules require

that diversions with a priority date later than January

1, 1950 mygt be measured,
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2. For record keeping and accounting purposes, diversions
with a priority date earlier than January 1, 1950, sghould

be measured,

Status of Water Measurement - Wyoming Law

The Wyoming State Engineer and the superintendents of the
four water districts constitute the Wyoming Board of Control.
The Board has the power to regulate water use, and can supervise
the diversion, distribution, and appropriation of water from all
streams. A water commissioner appointed by the Governor has the
responsiblility of dividing water and regulating reservoir

storage on all streams in his division.

Wyoming state law requires the owner of any canal or ditch to
install and maintain a headgate at the point of diversion which
is of such construction that it may be locked and kept closed by
a water commissioner, Métal, screw-~type headgates set in

concrete are recommended.

At the request of the Division Supefinténdent, owners of
canals or ditches must install and maintain flumes and other
measuring devices to assist the commissioner in determining the
amount of ﬁater being diverted. Any person who neglects to
constrﬁct or maintain headgates, flumes, or measuring devices may

be denied water until the required works are constructed.
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Any person opening, closing, or changing any headgate or

watef box without proper authority, or who uses water which has

been denied to him by a water commissioner can be arrested and

fined.

Admeasurement of water in the State of Wyoming proceeds

according to the following sequence of events:

At the beginning of each irrigation season, irrigators
open their own headgates, and water use on the stream is

unrestricted.

Water use is unrestricted until the water commissioner

receives a call that an appropriator is not receiving his

legal entitlement.

At that point, hydrographers measure inflow to the strean
and then regulate headgates along its entirety according

to priority of right, Headgates are set and locked in

position,

Wyoming state law provides that priorities earlier than
1945 may receive two cubic feet per second (cfs) per
seventy acres irrigated., Priorities later than 1945

receive one cfs per seventy acres,
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5. 1If after regulation of headgates along the entire stream
the water commissioner f£inds there is an excess water,
this water is presently divided among Wyoming irfigators
according to priority of ﬁse without regard to the terms

of the Yellowstone Compact.

6. Inflow to the river system is measured throughout the
irrigation season, and headgates along the entire stream

and all tributaries are continually regulated.
Status of Water Measuremept - Montana Law

Except fof some permiﬁs issued after 1973, the State of
Montana does not require the owners of canals and ditches to
méintain measuring devices or keep records of diversions.
However, a water commissioner may be appointed by a district
court to admeasure and distribute water when one of the follow1ng

conditions arise:

1. The owners of at least 15% of the water rights affected
by a decree, petition the court to administer the decreed

rights,
2. The DNRC requests the court to administer rights on a

stream for which a final decree has been issued under

Chapter 2, Title 85. (i.e. the Powder River).
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There are a number of practical problems with the present

system of adjudication and the measurement of irrigation water in

Montana.

Scme of these include:

Many court decrees require that the owners of canals and
ditches maintain water measuring devices and keep

accurate records of diversions, yet these requirements

are usually not enforced.

Only specific reaches are covered by any particular court
decree and often there have been many decrees issued on
one "decreed" stream. 1In spite of this, the majority of
water users on a stream do not have an adjudicated right
and will have to wait until the statewide adjudication

process is complete.

Water commissioners have no jurisdiction to regulate
pre-1973 Qater rights which have not been adjudicated.
Therefore, there are cases where downstream senior water
rights may be denied water because upstream junior rights

cannot be regulated.

Any particular river basin may be under the jurisdiction
of a number of district courts. For example, five
district courts have jurisdiction in the Clarks Pork
basin., Therefore, coordination of a uniform system of
measurenment, record keeping, and headgate regulation

would be difficult.
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APPENDIX F - ALLOCATION FORMULA EXAMPLE - NO RESERVOIR STORAGE

Figure 1 presents an example of the Yellowstone Compact
Apportionment based on the equations presented on pages 10 and 11
assuming no reservoir storage is_aﬁailable {(e.g. Clarks Fork
Basin). 1In this example, allocable flow is calculated for
Wyoming aﬁd Mohtahé using two methods. "Metheod 1" does not
adjust for the "unuséd and presently unavaiiable" flow passing
the Compact point of measurement during the non-irrigation

season. "Method 2" makes this adjustment.

In calculating hiﬁgg;ig allocéble flow for both states, the
adjustment is not necessary because one would be trying to
quantify the flow that g¢ould have been used by eéch state. On
the other hand, once that Yellowstone Compact is administerd on a
real time basis, flow that passes the compact point of
measurement (and leaves the system) is no longer available for
use at a later point in time. This flow should not be considered
"allocable" beéause it is really "unused and presently

unavailable,"” 1In this case, the adjustment would be necessary.
Exhibit 1 presents both versions of calculating allocable

flow. There are twelve rows, each summarizing one month of data,

and there are fourteen columns:
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Column
Column

Column

Column

Column

Column

Colunn

Column

Column

Column
Column

Column

.

-

9:

10:
11:
12:

The preseﬁt month.

Inflow, in 1000 acre-feet above all diversions.
The flow, in 1000 acré—feet passing the Compact
peint of measﬁrement for that particular month.
The Compact gage "adjustment" in 1000 acre-feet
needed to account for water that is "unused and
unavaiiable“ during real-time Compact
administration,

The accumuiated flow in 1000 acre-feet that
passes the Compact point of measurement from
Octobef 1 to the last day of the present month.
This is the last term in Equation #3.

The adjusted accumulated flow in 1000 acre-feet
that passes the Compact point of measurement from
October 1 to the last day of the present month.
This vaiue woﬁid be substituted in the last term
of Eguation #3 to calculate the adjusted
allocable flow for each state.

The total diveréions in 1000 acre-feet in Wyoming
for the present month,

Equivilant to the left-hand-side of Equation #1.
The total diversions in 1000 acre-feet in Montana
for the present month.

Equivilant to the left-hand-side of Equation #2.
Equivilant to the left-hand-side of Equation #4,
The adjusted allocabie flow in 1000 acre~feet for

Wyoming.,

76




Column 13: Equivilant to the left-hand-side of Equation #5,

Column 14: The adjusted allocable flow in 1000 acre-feet for

Montana.

The example presented in exhibit 1 assumes the following:

The

Flow is apportioned 60% to Wyoming and 40% to Montana.
There is no reservoir storage in the basin.

All pre-1950 useé for irrigation are satisfied May
through August.

For the period of May through August there are 100,000
acre~feet of post-1950 deﬁandé in each state each month.
One-half is for agriculture, the other half is for
industrial off-étream storage. Each state tries to
satisfy as much of this demand as pbssible.

The example presented is a typical "dry year." While all
pre-1950 useé can be satisfied, Wyoming post-1950 demands
can not be met after June 1, and Montana post~1950

demands can never be fully met.
following conlcusions can be drawn from this example:

The dnused inflow from October 1 to April 30 is 116,000
acre-feet, If this flow is reflected in the Article v
apportionment formula, the total allocable flow for May
is too high. It is also unfair, because in May, Montana

is receiving only 20% of the total divertable flow.
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If the 116,000 acre-feet of inflow is moved to an "unused
and presently unavailable" account, and the accumulated
flow at the point bf measurement is adjusted to reflect
this, the adjusted allocation makes much more sense.
Bach state receives a reasonable allbcation in May. In
this example, Wyoming's post~1950 diversions in May were
too high and therefore should have been regulated.

The "unused and presently unavailable” adjustment is
needed in the Yellowstone Compact allocation formula, at
least for real—tiﬁe administration, because the State of
Wyoming would benefit unfairly ftom water that was

"stored on paper" and not stored in a reservoir.
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APPENDIX G - COMPACT ADMINISTRATION EXAMPLE

Wl

W2

(1900 Priority)

2000 AF/Month Diversion

(1960 Priority)

2500 AF/Month Diversion

Wyoming

Montana

(1930 Priority)

2000 AF/Month Diversion

(1955 Priocrity)

2000 Ar/Month Diversion

A = inflow above diversions

B = state line flow

C = flow at point of measurement
Wl, w2, M1, M2 are Wyoming and

Montana diversions.




3.

There is no reservoir storage in the basin.

No water flows past the point of measurement and no water is

consumptively used for the period October 1 to April 30.

The diversion requirement for W1, W2, M1, and M2 are constant

for the period May 1 to September 30,

Exactly 1/2 of the guantity diverted returns to the stream as
return flow. 100% of this flow returns the same month it is
diverted.

Return flow from M2 comes in below the point of measurement.

All pre-1950 priorities in Montana must be satisfied prior to

any post-1950 priorities in Wyvoming.

The Compact apportionment is calculated on a monthly basis

and all calculations are in acre-feet/month.

For the period May 1 to September 30, the inflow above

diversions is equal to:
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May - 6000 acre~feet

June - 4000 acre-feet
July - 3200 acre-feet
August - 2000 acre-feet
September - 100 acre-feet

9. Montana receives 40% of the allocable flow

Wyoming receives 60% of the allocable flow

10. Assume both states appropriate water according to the rules

of higher priority: "lst in time, lst in right",

Explanation

The following activities summarize a suggested methodology
for administering the Yellowstone Compact for the period May 1 to
July 31.

1. Month of May

Activity A

The inflow above diversions is forecasted for the

month of May and is equal to 6000 acre-feet per month.
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Activity B

The river calibration curve (not shown) indicates that
when the inflow above divefsion is equal to 6000
acre~feet, all pre-1950 and post-1850 appro?riations in
both states can be satisfied. Prior to the first day in
May, use an accounting model to solve the éompact

apportionment with the following input (exhibit 1):

inflow = 6000 AF
Wl = 2000 AP
W2 = 2500 AF
Ml = 2000 AF
M2 = 2000 AF

Results of the accounting model first iteration suggest

the apportionment can be satisfied for the month of May
without the need for regulation.
Activity C

Headgates are opened May lst on all pre- and post-1950

diversions in both states., Water use is measured and

recorded,
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Activity D

At the end of the month of May, rerun the compact
accounting model with input equal to actual water use.

Plot new points on the calibration curve.
Month of June
Activity A

The inflow above diversions is forecasted for the month

of June and is equal to 4000 acre-feet per month.
Activity B

The calibration curve indicates Ehat when thé inflow
above divefsions is equal to 4000 aciewfeet,
approkimately 70C0 acre~feet of diversions can be
satisfied. Prior to June 1, run the accounting model

with the following input (exhibit 2):

inflow = 4000 AF
Wl = 2000 AF
w2 = 2000 AF
M1 = 2000 AF
M2 = 1000 AF

84




3.

Results of the Compact accounting model suggest the
apportionment can be satisfied when W2 and M2 are

regulated as indicated above.
Activity C

Water commissioners in both states regulate water use

according to the results of the water model,

Activity D

At the end of the month of June, rerun the compact
accounting model with input egual to actual water use.

Plot these new points on the calibration curve.
Month of July

The same methodology presented for the months of May
and June apply in July. HNote that even though Q(accumwy)
< Q(allocwWY) and QlaccumMT) > Q(allocMT), post-1950 water
use in Wyoming must be regulated to satisfy pre-1950
water rights in Montana. In the examplé presented in
exhibit 3, a minimum of 2000 acre~feet per month must
¢ross the state line before post-1950 appropriators in

Wyoming can divert water,
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APPENDIX H -~ RESERVOIR EXAMPLE

It is suggested that the constraints found in this appendix
be included in the Compact accounting model for cases where there
is significant reservoir storage. These constraints are
necessary because a strict interpretation of Article v would
result in the division of stofed water on a percentage basis that
should not hecessarily be divided. For example, if Wyoming
stores their 60% share, and Montana's 40% share flow past the
point of measurement, Article V still attempts to divide Wyoming
storage on a 60/40 basis. Therefore, the purpose of the proposed

constraints are:

1. To allow each state to store and use their share of

Compact water,

2. To protect Montana if Wyoming oversizes their storage

projects and stores more than their share of Compact

water,

3. To provide a mechanism to equitability handle the problem
of instreqﬂﬁ uses of water for the protection of aquatic

habitats in both states.




Constrainte

Define a "storage limit" for each state which is based on

Article ¥v:

SLyy = (.60) x [/AS(WYpost50) + /\S(MNTpost50) +
N Q(compact gage) - (instream flows)]
day = 1
Shyr = (.40) x [/A\S(WYpost50) + /AS(:MTpost50) +

;EE? Q{compact gage) - (instream flows))
day = 1

Where, SLyy and SLy are Wyoming's and Montana's storage limits
for excess spring flow. The storage limits are to be quantified
only once per year, and generally at the end of the reservoir (s}

filling cycle.

For purposes of compact accounting and model building, it is

suggested the storage limits be used as follows:

l., If Q(accunWY) > Q(allocwWy):
and, QlaccumMT) < Q(allocMT);
and, LAS (WYpost50) > SLyy

and, Montana appropriators need water;
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THEN

regulate post-1950 uses in Wyoming (or drawdown
the excess storage) until either:
a. Montana appropriators ére satisfied
or b. /AS(WYpost50) = SLyy

whichever comes first,

2. In the Compact accounting model, the change in storage
which gets accumulated in the term Q(accumWy) is equal to
the quantity [/\S(WYpost50) - SLyyl and is added in only

when /AS(WYpost50) > SLyy.

These same constraints hold true for calculations with

Montana's storage limits.
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